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ABSTRACT 
The total inriver return of early-run (May and June) chinook salmon Oncorhynchus tshawytscha as estimated 
through hydroacoustic techniques was 23,505 (SE = 376) fish.  Angler effort and harvest as estimated by a creel 
survey during the early chinook salmon run in the downstream section (Cook Inlet to the Soldotna Bridge) were 
130,180 (SE = 3,914) angler hours and 4,166 (SE = 290) chinook salmon, respectively.  When expanded to account 
for the unsurveyed portion of the fishery, total estimated effort and harvest were 185,921 angler-hours and 5,966 (SE 
= 442) fish, respectively; approximately equal to the 1974-1995 mean.  Estimated release mortality was 241 (SE = 
136) fish.  Spawning escapement, estimated by subtracting total fishing mortality from total inriver return, was 
17,298 (SE = 596) fish.  This escapement was nearly double that stipulated by the Kenai River Early King Salmon 
Management Plan.  The predominant age class of both the inriver return and the recreational harvest of early-run 
chinook salmon was age-1.4 fish. 

Migratory timing models were used to project spawning escapement during the 1996 fishery.  No restrictions to the 
recreational fishery were required to achieve the escapement. 

A model based on sibling ratios was used to forecast the 1997 return at 31,622 (SE = 9,324) chinook salmon. 

Key words: Kenai River, chinook salmon, creel survey, effort, harvest, migratory timing, sibling ratios, brood 
tables, Oncorhynchus tshawytscha, forecast. 

INTRODUCTION 
The largest freshwater recreational fishery in 
Alaska occurs in the Kenai River with an 
average of nearly 350,000 angler-days of 
effort each year from 1983-1995 (Mills 1984-
1994; Howe et al. 1995, 1996).  This repre-
sents approximately 15% of the state's 
recreational fishing effort.  The majority of 
the angler-effort occurs during May, June, and 
July, downstream of the outlet of Skilak Lake 
to Cook Inlet (river kilometer 13 to river 
kilometer 81) (Figure 1) during a fishery 
directed primarily at returning chinook 
salmon Oncorhynchus tshawytscha.   

Two stocks of chinook salmon return to the 
Kenai River:  an early run which enters the 
river from mid-May through June, and a late 
run which enters the river from late June 
through early August (Burger et al. 1985, 
Bendock and Alexandersdottir 1992).  Early-
run fish are destined primarily for tributary 
spawning locations (Bendock and 
Alexandersdottir 1992) and are the focus of 
this report.  Late-run fish are destined almost 
exclusively for mainstem spawning locations. 

Prior to 1970, the recreational fishery in the 
Kenai River comprised shorebased anglers 

targeting sockeye salmon O. nerka in July and 
coho salmon O. kisutch in August and early 
September.  In 1973, large numbers of anglers 
began experimenting with a fishing method 
that involved bouncing brightly colored 
terminal gear along the river bottom from a 
drifting boat.  This technique had been used 
effectively by anglers fishing for chinook 
salmon on rivers in the Pacific Northwest.  It 
proved to be a very effective method for 
catching chinook salmon on the Kenai River, 
and the fishery expanded rapidly (Figure 2). 

As fisheries targeting both the early and late 
runs of chinook salmon continued to grow 
during the early 1980s, agency and public 
concerns about overexploitation were 
heightened.  In 1988, the Board of Fisheries 
(BOF) adopted management plans for the 
early- and late-run returns of chinook salmon 
to the Kenai River (McBride et al. 1989).  
These plans, in effect since 1989, stipulate 
specific escapement goals for which the 
fisheries will be managed, and how these 
fisheries will be managed in the event of 
conservation shortfall. 

For management purposes, chinook salmon 
entering the Kenai River prior to 1 July are 
considered to be early-run fish; those entering 
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Figure 1.-Map of the Kenai River drainage. 

 

after 30 June are late-run fish.  The Kenai 
River Early King Salmon Management Plan 
stipulates that the use of bait is prohibited 
from 1 January until an estimated optimum 
spawning escapement level of 9,000 fish is 
projected (Figure 3).  If the projected spawn-
ing escapement is between 5,300 and 9,000 
fish, the department shall, by emergency 
order, restrict the fishery through bag limit 
reduction and/or time/area closure to achieve 
9,000 fish in the escapement.  If the projected 
escapement is less than 5,300, chinook 
salmon fishing is to be prohibited until 1 July 
downstream of the Funny River and 10 July 
upstream of the Funny River (Figure 1 and 
Figure 3).  A 1990 amendment to the plan, 
which was implemented in 1992, allowed 
retention of fish 132 cm (52 in) or larger if 

hook-and-release fishing was imposed 
(hereafter referred to as trophy fishing). 

Sport fishing regulations for chinook salmon 
in the Kenai River are also detailed in the 
management plans, and are now among the 
most restrictive in Alaska.  Only the mainstem 
Kenai River between the outlet of Skilak Lake 
and Cook Inlet (Figure 1) is open to fishing 
for chinook salmon.  By regulation, the season 
for chinook salmon is from 1 January through 
31 July, but it effectively begins in mid-May 
when the fish first begin entering the river.  
The daily bag and possession limits are one 
chinook salmon per day greater than 41 cm 
(16 in) total length and a seasonal limit of two 
chinook salmon greater than 41 cm.  In 1992, 
the BOF closed two areas on the Kenai
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Figure 2.-Historical harvest and effort in 
the recreational fishery for early-run 
chinook salmon, Kenai River, 1974-1996. 

 

River to fishing from a boat:  the vicinity of 
the confluence with Slikok Creek, and the 
confluence with the Funny River.  Fishing 
from boats is not allowed in these areas from 
1 January to 15 July.  Fishing from boats 
downstream from the outlet of Skilak Lake is 
prohibited on Mondays in May and June 
except Memorial Day.  Anyone retaining a 
chinook salmon 41 cm in length or greater is 
prohibited from fishing from a boat in the 
Kenai River downstream of Skilak Lake for 
the remainder of that day.  There are 
additional restrictions placed on anglers using 
professional guides:  fishing from a guided 
boat is allowed only between 0600 and 1800 
hours during June and July.  Anglers using 
guides during May are not restricted. 

 

Figure 3.-Escapement levels and 
required actions according to the Kenai 
River Early Run Chinook Salmon 
Management Plan. 

 
Implementation of the management plan 
hinges upon the department's ability to project 
the strength of the current year's return early 
in the season.  A comprehensive stock 
assessment program, initiated in the mid-
1980s in response to the growing chinook 
salmon fisheries, and creel surveys, which 
have been conducted on the Kenai River since 
1974, are the primary means of collecting the 
data necessary for implementing the plans.  
The objectives of these continuing studies are 
two-fold:  to assess production by estimating 
harvest and inriver returns by age 
(Hammarstrom and Larson 1986)1; and to 
model run timing, including migratory timing 

                                                 
1  To clarify terms, inriver return refers to all fish that are counted 

by sonar in the Kenai River.  Total return refers to all early-run 
Kenai River chinook salmon harvested in Upper Cook Inlet 
marine fisheries (recreational and educational) plus the inriver 
return. 
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estimates of effort, harvest, and abundance.  
Because of the diversity and complexity of 
these studies, results of each study are 
published in separate reports. 

This report compiles statistics for the 1996 
early-run return, including estimates of inriver 
return, fishery statistics, and escapement.  The 
estimates are compared to historic data and 
their application to the 1996 return are 
discussed.  Finally a forecast of the 1997 
return is presented. 

Previous studies of the chinook salmon 
fisheries in the Kenai River include the 
following:  King (1995-1996),  Hammarstrom 
(1975-1981, 1988-1991, 1992a and b, 1993a 
and b, 1994a and b),  Hammarstrom and 
Larson (1982-1984, 1986), Hammarstrom et 
al. (1985, 1987), and Conrad and 
Hammarstrom (1987).  Details of the 1996 
creel survey of the recreational fishery are 
reported by King (1997).  Angler-effort and 
harvest by species for the recreational fishery 
have been estimated by Mills (1979-1994) 
and Howe et al. (1995, 1996) through the 
Statewide Harvest Survey (SWHS), a postal 
questionnaire.  Rationale for the escapement 
goals and migratory timing data to implement 
the management plans are contained in 
McBride et al. (1989).  Bendock and 
Alexandersdottir (1992) estimated hooking 
mortality for the Kenai River chinook salmon 
recreational fisheries.  Estimates of total 
return by age have been summarized through 
1990 by Sonnichsen and Alexandersdottir 
(1991) and 1991-1995 by Hammarstrom 
(1992b, 1993b, 1994b, 1995, 1996). 

SUMMARY OF 
HISTORICAL DATA 

HARVEST AND ESCAPEMENT 
Early-run Kenai River chinook salmon 
migrate, as adults, back to Cook Inlet with 
other stocks of chinook salmon from 
numerous natal streams of the Kenai 

Peninsula (Anchor River, Deep Creek, 
Ninilchik River, Stariski Creek, and Kasilof 
River) and the Susitna River drainage.  Since 
the 1980s, Susitna River fish routinely 
outnumber the early-run Kenai River fish by 
an order of magnitude (McBride et al. 1985). 

During May and June, the recreational marine 
fishery along the eastern shore of Cook Inlet, 
near Ninilchik Village, accounts for the only 
significant marine harvest of these stocks.  
The harvest in this fishery during May and 
June averaged about 2,500 fish from 1972-
1990 (Hammarstrom and Larson 1986; 
Hammarstrom et al. 1987; Mills 1988-1991; 
Sonnichsen and Alexandersdottir 1991). 
Estimates of harvest from an onsite creel 
survey were 5,577 (SE = 237) chinook salmon 
in 1994 and 6,048 (SE = 228) chinook salmon 
in 1995 (McKinley 1995, 1996). 

An educational gillnet fishery operated in 
Cook Inlet by the Kenaitze Indian tribe has 
accounted for less than 120 fish annually.  A 
subsistence gillnet fishery, established by the 
BOF in 1992, harvested 238 chinook salmon 
in 1992, 406 chinook salmon in 1994, and 
738 chinook salmon in 1995.  This fishery 
was closed in 1993, reinstituted in 1994, and 
prosecuted as a personal use fishery in 1995. 
Based on available information, it is unlikely 
that other unknown harvests of early-run 
chinook salmon of Kenai River origin are 
large enough to alter conclusions regarding 
the status of this stock (McBride et al. 1989).  
However, the marine sport fishery has 
increased in recent years, and may thus 
increase in importance. 

Catch and harvest of chinook salmon in the 
Kenai River recreational fishery are estimated 
with an onsite creel survey (Hammarstrom 
1975-1981, 1988-1991, 1992a, 1993a, 1994a; 
Hammarstrom and Larson 1982-1984, 1986; 
Hammarstrom et al. 1985; Conrad and 
Hammarstrom 1987; King 1995-1997).  The 
creel survey only provides estimates from the 
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Soldotna Bridge to Cook Inlet.  Prior to 1995, 
estimates for the area upstream of the 
Soldotna Bridge were made using information 
from years the upstream area was surveyed 
(Hammarstrom 1993a, 1994a, 1995).  But 
these estimates appeared biased, so catch and 
harvest are now estimated using a regressions 
model based on the exploitation rate in the 
Soldotna Bridge to Cook Inlet area (Appendix 
A3). 

Inriver returns have been estimated using two 
methods:  a hydroacoustic (sonar) program 
from 1984-1995 (Eggers et. al 1995; Burwen 
and Bosch 1995a, 1995b, 1996, In prep); and 
a capture-recapture program from 1985-1990 
(Hammarstrom and Larson 1986; Conrad and 
Larson 1987; Conrad 1988; Carlon and 
Alexandersdottir 1989; Alexandersdottir and 
Marsh 1990).  The programs were conducted 
simultaneously from 1985-1990 to determine 
the best method for estimating inriver return.  
The sonar program was exploratory during the 
first 4 years of the study, and thus, sonar 
estimates for 1984-1987 are not used for stock 
assessment.  Estimates from the capture-
recapture study are used for stock assessment 
for 1985-1987.  Beginning in 1988, sonar 
estimates are used because they are more 
precise than the capture-recapture estimates.  
In addition, the Management Plan 
implemented in 1989 requires inseason 
estimates of abundance which could not be 
provided by the capture-recapture method.  
The capture-recapture program was termi-
nated after 1990 because estimates from the 
two methods were similar but the sonar 
estimates continued to be more precise and 
redundancy was cost prohibitive.  Since 1985, 
the inriver return has averaged 18,591 
chinook salmon. 

To estimate abundance by age, the age/sex 
composition of the inriver return is sampled.  
Prior to 1991, scale samples collected from 
chinook salmon captured with large mesh 

gillnets during capture-recapture studies 
provided the samples for this analysis.  
Although the tagging program was 
discontinued in 1991, age, sex, and length 
samples are still collected using gillnets.  All 
fish captured with gillnets are sampled for 
age, sex, and size.  Size selectivity analysis 
has not been conducted. 

Harvest by age and sex, and catch of chinook 
salmon in the early-run fishery are estimated 
through a creel survey (Hammarstrom 1975-
1981, 1988-1991, 1992a, 1993a, 1994a; 
Hammarstrom and Larson 1982-1984, 1986; 
Hammarstrom et al. 1985; Conrad and 
Hammarstrom 1987; King 1995-1997).  
Chinook salmon are sampled during angler 
interviews conducted in the creel survey 
(Hammarstrom 1992a).  Age composi-tion of 
the harvest upstream of the Soldotna Bridge 
was assumed equal to that in the surveyed 
area. 

Mortality from hook-and-release fishing on 
early-run fish was an estimated 11.1% for 
small males (< 750 mm), 1.9% for large males 
(> 750 mm), and 6.8% for females (Bendock 
and Alexandersdottir 1992).  Because it is not 
possible to measure the size or sex 
composition of the release component, a 
grand average of the estimated mortality rate 
on early-run fish (6.4%) was used as a 
reasonable estimate for this stock.  This 
approach introduces an unknown bias because 
of the higher mortality for small males and the 
tendency of anglers to release smaller fish.  
To complete tabulations of return by age, I 
used the age and sex composition of the 
inriver return as an approximation of the 
chinook salmon released in the recreational 
fishery. 

Escapement (fish that survive all fisheries and 
are potential spawners) is estimated by 
subtracting the inriver sport harvest and the 
hook-and-release mortalities from the inriver 
return. 
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BROOD AND SIBLING RATIOS 
Chinook salmon in the Kenai River are 
managed to achieve optimum sustained 
production.  In 1988, spawning requirements 
were computed to sustain levels of production 
realized during the years 1984-1988.  These 
escapement goals were based on limited 
information from the Kenai River and 
experiences of other researchers working with 
chinook salmon on the west coast of North 
America (McBride et al. 1989).  Total return 
data are being compiled to assess production 
and refine these escapement goals.  A good 
stock-recruit analysis requires data that span 
decades, since one year's return must be 
compared to returns from parent generations 
many years earlier. 

A predictable relationship between 
consecutive-year returns of the same brood 
(i.e. sibling relationship) has been established 
for the early run (Sonnichsen and 
Alexandersdottir 1991).  As a result, mean 
sibling ratios (the ratio of the returns of one 
age to the returns of one or more younger ages 
for a brood) for years with complete return 
data were used to predict returns for 1990-
1996 (Sonnichsen and Alexandersdottir 1991; 
Hammarstrom 1992b, 1993b, 1994b, 1995, 
1996).  Sibling ratios were updated with the 
analysis of the 1996 return to forecast the 
1997 return (Appendix A1). 

MIGRATORY TIMING 
Inriver return (measured by capture-recapture 
experiments in 1985-1987 and by sonar in 
1988-1996) and inriver recreational fishery 
statistics (effort, harvest per hour, catch per 
hour, harvest, and catch) are used to estimate 
the migratory timing of the chinook salmon 
return into the Kenai River.  Historic 
cumulative daily proportions of each of these 
statistics are applied to data from the year in 
question to predict season-end values 
(Appendix A2; McBride et al. 1989).  
Cumulative daily sonar counts were divided 

by average cumulative daily proportions of 
the inriver return for the years 1985-1995 to 
project the total inriver return for 1996 
(Appendix B1).  Similarly, the recreational 
effort, harvest and catch were projected using 
the inseason estimates of each parameter and 
average cumulative proportion data from 
1986-1995 (Appendices B2-B7). 

Escapement was projected by subtracting the 
projected fishing mortality (harvest + hook-
and-release mortality) from the projected 
inriver return.  Although projections are made 
from the commencement of the fishery, 
precision of the estimates is insufficient to 
detect significant deviations from the average 
historic migratory timing until early June. 

ASSESSMENT OF THE 1996 
EARLY RETURN 

INRIVER RETURN 
The sonar began counting fish 16 May 1996 
and continued through the early run (Burwen 
and Bosch In prep ).  The 1996 inriver return 
through 30 June was 23,505 (SE = 376) 
chinook salmon (Table 1).  The 1996 return 
was the largest return since 1987 and the third 
largest return since 1985.2 

A total of 331 chinook salmon was captured 
in the gillnet test fishery during the early run 
(Table 2).  No temporal differences (�2 = 
0.17, df = 1, P = 0.68; 16 May-7 June vs. 
8 June-30 June) were detected for the two age 
groups that composed 90% of the return and 
thus all samples were pooled.  Total inriver

                                                 
2  Inriver return was estimated with tagging data in 1985 (15,972), 

1986 (27,080) and 1987 (25,643).  See Table 8 for a summary of 
all return data. 







 

 9

Table 2.-Estimates by age class of the number of early-run chinook salmon in 
the inriver return to the Kenai River, 1996. 

Age Class
1.2 1.3 1.4 1.5 Other Total

(5/16 - 6/30)
Males
   Sample Size 23 63 89 6 0 181
   Percent 6.9 19.0 26.9 1.8 0.0 54.7
   SE Percent 1.4 2.2 2.4 0.7 0.0 2.7
   Return 1,633 4,474 6,320 426 0 12,853
   SE Return 330 513 582 173 0 676

Females
   Sample Size 3 32 114 1 0 150
   Percent 0.9 9.7 34.4 0.3 0.0 45.3
   SE Percent 0.5 1.6 2.6 0.3 0.0 2.7
   Return 213 2,272 8,095 71 0 10,652
   SE Return 123 384 628 71 0 666

Combined
   Sample Size 26 95 203 7 0 331
   Percent 7.9 28.7 61.3 2.1 0.0 100.0
   SE Percent 1.5 2.5 2.7 0.8 0.0
   Return 1,846 6,746 14,415 497 0 23,505
   SE Return 349 595 671 186 0 376

 
 

return by age and historical age compositions 
(1986-1996) are presented in Table 3. 

RECREATIONAL FISHERY 
The 1996 creel survey commenced on 16 May 
(King 1997).  A relatively strong return from 
the start of the sonar operation precluded any 
additional restrictive regulations on the 
recreational fishery.  Effective 9 June, an 
emergency order removed the bait restriction 
because inseason forecasts predicted the 
minimum escapement would be attained. 

Estimated angler effort for early-run chinook 
salmon in the downstream section (Cook Inlet 
to the Soldotna Bridge) was 130,180 angler-
hours (SE = 3,914); estimated catch was 
5,552 (SE = 320) chinook salmon and 
estimated harvest was 4,166 (SE = 290) fish 
(King 1997). 

The estimated 1996 harvest in the area 
between the Soldotna Bridge and Moose 
River was 1,121 (SE = 118).  Harvest 
upstream of the Moose River in 1996 was 679 
fish (SE = 312).  Estimated catch from the 
Soldotna Bridge to Moose River was 2,605 
(SE = 37) chinook salmon; and 1,574 (SE = 
656) fish for the area upstream of Moose 
River. 

Total estimated harvest was 5,966 (SE = 442) 
chinook salmon (Table 4).  Anglers employ-
ing professional guides accounted for 76% of 
the harvest and 55% of the effort. 

Age composition of the recreational harvest 
was determined from 288 fish harvested 
during the early run.  No temporal differences 
(�2 = 3.33, df = 2, P = 0.19) were detected for 
the two age groups that composed 90% of the











 

 14

recreational harvest and thus all samples were 
pooled.  The majority (72%) of the harvest 
was of fish aged 1.4 (Table 5).  Chinook 
salmon aged 1.4 were the predominant year 
class in the early-run harvest for all but one 
year since 1976 (Table 6). 

Release mortality by age was estimated to 
more accurately estimate spawning 
escapement.  During 1990, 1991, and 1992, 
nearly two-thirds of the catch was released 
(Table 7) due to emergency orders restricting 
the fishery to hook-and-release or trophy 
fishing.  In 1996, approximately 39% of the 
catch was released resulting in an estimated 
mortality of 241 (SE = 136) chinook salmon 
(Table 7). 

In 1996, a total harvest of 14 early-run 
chinook salmon was reported by the Kenaitze 
Indian Tribe.  This compares to 73, 40, 2, 73, 
118, 56 and 37 in 1989-1995, respectively.  
Additional chinook salmon were harvested in 
the personal use gillnet fishery in 1996; 
however, that information will not be 
available until all permits are returned and can 
be tabulated. 

ESCAPEMENT AND TOTAL RETURN 
Spawning escapement is the harvest plus 
hook-and-release mortality subtracted from 
the inriver return.  In 1996, an estimated 
17,298 (SE = 596) chinook salmon escaped 
all fisheries as potential spawners (Table 8).  
The majority of these spawners were age class 

 

Table 5.-Estimates by age class of the number of early-run chinook salmon 
harvested in the recreational fishery on the downstream section of the Kenai River, 
1996. 

Age Class
1.2 1.3 1.4 1.5 Other Total

Males
   Sample Size 14 31 95 5 0 145
   Percent 4.9 10.8 33.0 1.7 0.0 50.3
   SE Percent 1.3 1.8 2.8 0.8 0.0 3.0
   Harvest 203 448 1,374 72 0 2,097
   SE Harvest 55 82 150 32 0 191

Females
   Sample Size 4 25 112 2 0 143
   Percent 1.4 8.7 38.9 0.7 0.0 49.7
   SE Percent 0.7 1.7 2.9 0.5 0.0 3.0
   Harvest 58 362 1,620 29 0 2,069
   SE Harvest 29 74 164 20 0 189

Combined
   Sample Size 18 56 207 7 0 288
   Percent 6.3 19.4 71.9 2.4 0.0 100.0
   SE Percent 1.4 2.3 2.7 0.9 0.0
   Harvest 260 810 2,994 101 0 4,166
   SE Harvest 62 112 236 38 0 290
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1.4 (Table 9).  This age class has been the 
predominant spawning age class since 1987. 

BROOD RELATIONSHIPS 
Returns at age were tabulated by sampling 
year (Table 10) and by brood year (Table 11).  
Total production from the first measured 
escapement (8,001 in 1985) was realized in 
1993.  Brood year 1988 (7,756 escapement) 
has shown the best total return of the 
measured escapements, 19,741 fish and 2.55 
adults per spawner.  The 1989 brood (10,567 
escapement) has returned at 1.85 adults per 
spawner with one age class still to return.  The 
1990 brood (8,659 escapement) has the 
second best performance of the measured 
returns, at a return per spawner of 2.34 to 1, 
with two age classes still to return. 

SIBLING RELATIONSHIPS 
Using the sibling model of Sonnichsen and 
Alexandersdottir (1991) (Table 12), the 
forecast for the total return to the Kenai River 
during the 1997 early run is 31,622 (SE = 
9,324) chinook salmon (Table 13). 

MIGRATORY TIMING 
In 1996, daily sonar counts of chinook salmon 
exceeded 150 from 20 May through 30 June.  
Daily counts exceeded 1,000 on 5 days, 
4 June, 9 June, and 13-15 June.  The largest 
count (1,140) occurred on 9 June (Table 1).   

Daily projections of the inriver return 
remained within 20% of the final return from 
31 May through 30 June (Figure 4).  
Cumulative proportions of the 1996 inriver 
return remained within the 95% confidence 
interval of the historical model (Figure 5) 
beginning May 16, except for 15 June-21 June 
and 25 June-27 June.  The estimated total 
return throughout the season was large enough 
to preclude any restrictive management 
actions.  On 9 June the bait restriction was 
removed. 

DISCUSSION 
Real-time estimates of the inriver return 
provided by the sonar project have greatly 
improved the department's ability to 
compensate for changing situations on 
relatively short notice.  For example, data 
collected through the sonar project make it 
possible to implement trophy fishing, rather 
than a total fishery closure, in response to 
weak returns.  Regulations can be liberalized 
in response to exceptionally strong returns. 
During 1990, 1991 and 1992, the spawning 
escapement goal for early-run chinook salmon 
was almost met due to inseason restrictions 
placed on the recreational fishery.  In 1993, 
1994, and 1996 regulations were liberalized to 
permit the use of bait in response to a 
relatively strong return without compromising 
the escapement goal. 

The two closures adopted by the BOF for the 
1993 season, one near the mouth of Slikok 
Creek and one near the mouth of the Funny 
River, both significant spawning streams for 
early-run fish, undoubtedly impacted the 
recreational fishery's overall harvest potential. 
These are primary holding areas for early-run 
chinook salmon in their migration routes and 
fish remain vulnerable to harvest for longer 
periods of time in these areas.  Cursory staff 
observations during spawning indicated 
significant numbers of spawning chinook 
salmon in both streams. 

Preseason forecasts for early-run chinook 
salmon to the Kenai River have been reported 
beginning with the 1990 return.  The 
projected returns for the years 1990-1995 
have ranged from 12,936 to 23,137 fish.  The 
realized returns have ranged from 10,160 to 
23,519 fish.  Forecasts have been greater than 
the observed returns for 4 years and less for 3 
years.  Observed returns have ranged from 
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71.8% to 149.5% of the expected return with 
the 1995 forecast being the closest to the 
realized return (101.7%).  Although the 
fishery is managed based on the inseason 
return, the forecasts have been beneficial in 
preparing the fishing public, in a general 
sense, for the type of fishery to expect.  
Returns during recent years in the magnitude 
of 10,000 to 11,000 fish (1990-1992) required 
inseason restrictions to achieve the desired 
escapement.  Returns in the magnitude of 
18,000 to 20,000 fish (1993-1996) allowed for 
the fishery to be liberalized and still exceed 
the escapement goal.  The anticipated return 
of about 31,600 fish in 1997 would allow for 
a harvest of 22,000 fish.  Should the forecast 
be realized and normal timing occur, no 
inseason restrictions should be required. 

Questions raised in 1995 regarding the ability 
of the sonar counter to accurately assess the 
inriver migration during periods of high 
sockeye salmon O. nerka abundance present 
more of a concern during the late run and 
should not compromise the department’s 
ability to manage for sustained yield of the 
early run.  

The largest potential problem in the stock 
assessment program is the inability to 
estimate harvest of early-run Kenai River 
chinook salmon in the marine fishery.  
Although not believed to be a problem to 
date, this fishery is growing and harvest of 
Kenai River chinook salmon could become 
significant. 

 

Figure 4.-Daily projections of total inriver return vs. the actual inriver return 
of early-run chinook salmon, 1996. 
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Figure 5.-Cumulative proportions by date for the inriver return of early-run chinook 
salmon to the Kenai River, 1985-1995 mean vs. 1996. 
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Appendix A1.-Statistical methods for estimating sibling ratios and expected returns. 

The following methods for estimating sibling ratios and expected returns were modified from 
Sonnichsen and Alexandersdottir 1991. 

Age structure is a conservative trait in salmonids, the age classes represented within brood years 
in a stock do not change drastically across years.  The distribution of numbers returning in each 
age class within a brood year may also be a stable character within a stock.  The relationships 
between ages within a brood year, or sibling relationships, were used to estimate future returns by 
brood year. 

Sibling ratios, rab, were estimated as the ratio of the return at age a to the total return at one or 
more younger ages for each brood year b:  

�
�

�
r

n
nab

ab

a b
�

�

, (A1.1)

where �nab is the estimated number of fish from brood year b returning at age a and �na b�  is the 
estimated number from brood year b returning at ages 4 through “a - 1”: 
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Age 4 is the first year at which early-run Kenai River chinook salmon return in substantial 
numbers.  Sibling ratios were estimated for ages 5 through 7.  The variances of the estimated 
sibling ratios were estimated as:  
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where: 
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The expected returns of fish aged a = 5, 6, and 7 in the year (Y) to be forecasted are: 
~

�n r na a a b� �  , (A1.5)

where ra  is the mean age-a sibling ratio, averaged over all ma brood years for which the ratio 
could be estimated: 
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and where b = Y - a. 

-continued- 
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Appendix A1.-Page 2 of 2. 

The variance of the forecasted returns by age was estimated as: 
� [~ ] � [ � ] � � [ ] � [ ] � [� ]V n r V n n V r V r V na a a b a b a a a b� � � � �� � �

2 2  (A1.7)

where � [ ]�V ra  is the squared prediction error of ra : 
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The expected return of age-4 fish in 1996 was forecast to be the mean of past age-4 returns: 
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The variance of the forecasted return of age-4 fish was estimated as the sample variance: 
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Total return was forecast to be: 
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with variance: 
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Appendix A2.-Statistical methods for analyzing migratory timing. 

The following methods for analyzing migratory timing were modified from McBride et al. 1989. 

The distribution over time of salmon migrating past any fixed location can be described by a 
migratory time distribution function (Mundy 1982).  We used historical databases of sonar 
counts, sport fishing effort, harvest per hour, catch per hour, harvest, and catch to predict final 
estimates of these parameters inseason.  Our databases consisted of values, for example counts or 
harvests of chinook salmon, by day (t).  Daily cumulative proportions were calculated for each 
year (i) of data and for each parameter.  Daily values were summed to calculate a total (Ni) for 
the year.  For each day t and year i, the cumulative proportion pti was calculated as: 

pti = nti / Ni  , (A2.1)

where nti is the cumulative sum to date.  For each year i, the set Pi of all cumulative proportions 
(p1i, p2i, p3i, . . .) represents the annual empirical cumulative distribution function (CDF).  The 
mid-point of the migration, or median of the distribution, is reached when pti is equal to 0.5. 

For any day the mean cumulative proportion ( pt . ) over all m years was calculated as: 
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with variance: 

� [ .] ( )V p
m

p pt ti t
i

m
�

�

�
�

�

�
1

1
2

1
. 

(A2.3)

At any point in a migration, the mean cumulative proportion to date can be used to forecast the 
total given the number known to have passed to date.  Since ntj represents the number passed by 
day t in year j, then the predicted total for that year is: 
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and the variance of ~N j by: 
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Appendix A3.-Statistical methods for estimating harvest upstream of the Soldotna 
Bridge. 

During the early run, anglers caught and harvested chinook salmon between the Soldotna Bridge 
and Skilak Lake.  To estimate harvest and catch upstream of the Soldotna Bridge inseason 
required exploring a potential relationship between exploitation rate during the early run, 
estimated using harvest data from the creel survey project and inriver return data from the sonar 
project, and harvest and catch estimates from the SWHS.  To explore these relationships we used 
creel survey, sonar, and SWHS estimates from 1987-1994 (Hammarstrom 1995, Mills 1988-
1994, Howe et. al. 1995).  Because the SWHS presents estimates of both runs combined, we 
assumed 50% of the harvest and catch between the Soldotna Bridge and the confluence with the 
Moose River were fish from the early run and 100% of the harvest and catch upstream of the 
confluence with the Moose River were fish from the early run. 

There was a significant (F = 37.80; df = 1, 6; P = 0.001) linear relationship between exploitation 
rate and harvest upstream of the Soldotna Bridge to the confluence of the Moose River.  Total 
harvest between the Soldotna Bridge and Moose River was estimated by: 

� �� , � ,H Xm z� �472 3 663  (A3.1)  

and its variance was estimated by (Neter et al. 1990): 
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where: 
�Hm  = predicted total harvest between the Soldotna Bridge and Moose River, 

�Xz  = exploitation rate of chinook salmon downstream of the Soldotna Bridge 
during the most recent year z, 

  
= 

�

�
,H

I
z

z
 

�Hz  = total harvest downstream of the Soldotna Bridge during the most recent year 
z,  

�Iz  = total inriver return during the most recent year z estimated from the sonar, 
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MSE = mean square error of the historic data used to develop the relationship, 

Y = number of years of historic data used to develop the relationship, 
�Xy  = exploitation rate of year y used to develop the relationship, and 

X  = average exploitation rate over all years Y used to develop the relationship. 

This is a minimum estimate of variance because it treats exploitation rate as a quantity measured 
without error. 

The estimated 1996 harvest in the area between the Soldotna Bridge and Moose River was 1,121 
(SE = 118). 

Although a linear relationship (F = 5.82; df = 1, 6; P = 0.05) existed between exploitation rate 
and harvest upstream of the Moose River, a plot of the data indicated that a few data points had a 
large influence on this result.  A relatively low R2 value (=0.41), and pattern and size of some of 
the residuals indicated this model may be a poor predictive tool.  In addition, there was no 
difference in harvest (|t| = 2.10, df = 6, P = 0.08) between years when exploitation was � 0.15 and 
years when exploitation was > 0.25.  Therefore, the estimated harvest upstream of the Moose 
River in 1996 was the average harvest from the SWHS since 1987, or 679 fish [V(H) = 97,415]. 

There was also no relationship (P � 0.09) between exploitation rate and catch for either section 
upstream of the Soldotna Bridge; however, there are only 5 years of catch estimates from the 
SWHS and during 3 of those years exploitation during the early run was < 0.15.  Catch between 
the Soldotna Bridge and Moose River differed (|t| = 4.16 , df = 3, P = 0.03) between years when 
exploitation was < 0.15 and years when exploitation was > 0.25.  Because the exploitation rate of 
the early run in 1996 was > 0.15, the catch of 2,605 fish [V(C) = 1,352] was estimated from the 
mean of the estimates of catch from the SWHS from years when exploitation was > 0.15.  Catch 
upstream of the Moose River was estimated similar to harvest in this stretch of the river:  
estimated catch in 1996 was the average from the SWHS, or 1,574 [V(C) =430,508]. 

The estimates of total harvest and catch, and their respective variances, were the sum of the 
respective statistics from the three sections of the Kenai River (i.e., downstream of the Soldotna 
Bridge from the creel survey data, and upstream of the Soldotna Bridge to the confluence of the 
Moose River and upstream of the Moose River to Skilak Lake using the approaches described 
above). 
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APPENDIX B.  SUPPORTING STATISTICS 
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